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(57) Abstract: Scanning beam display systems based on scanning light on a fluorescent screen. The screen can include fluorescent 
materials which emit visible light under excitation of the scanning light to form images with the emitted visible light. Multiple lasers 
can be used to simultaneously scan multiple laser beams to illuminate the screen for enhanced display brightness. For example, the 
multiple laser beams can illuminate one screen segment at a time and sequentially scan multiple screen segments to complete a full 
screen. Various scanning techniques can be implemented in described scanning beam displays, including a combination of a galvo 
mirror and a polygon scanner, and a holographic scanner. 
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OPTICAL DESIGNS FOR SCANNING BEAM DISPLAY SYSTEMS USING 

FLUORESCENT SCREENS 

[0001] This PCT application claims the benefits of the 

following prior patent applications: 

[0002] 1. U.S. Provisional Application No. 60/730,401 

5 entitled "High-Definition Display Projectors Based on UV- 
Excitable Phosphor Screen and Holographic Beam Scanner" and 
filed October 25, 2005; 

[0003] 2. U.S. Patent Application No. 11/510,495 entitled 

"OPTICAL DESIGNS FOR SCANNING BEAM DISPLAY SYSTEMS USING 
10 FLUORESCENT SCREENS" and filed August 24, 2006; 

[0004] 3. U.S. Patent Application No. 11/337,170 entitled 

"Display Screens Having Optical Fluorescent Materials' 7 and 
filed January 19, 2006; 

[0005] 4. U.S. Patent Application No. 10/578,038 entitled 

15 "Display Systems and Devices Having Screens with Optical 

Fluorescent Materials" and filed May 2, 2006; 

[0006] 5. U.S. Provisional Patent Application No. 

60/779,261 entitled "Display Systems Using Scanning Light and 

Electronic Correction of Optical Distortion By Imaging Lens 
20 Assembly" and filed on March 3, 2006; 

[0007] 6. U.S. Provisional Patent Application No. 

60/800,870 entitled "Display Systems Using Fluorescent Screens 

Including Fluorescent Screens With Prismatic Layer" and filed 

on May 15, 200 6; and 
25 [0008] 7. PCT Application No. PCT/US2006/11757 entitled 

"Display Systems Having Screens With Optical Fluorescent 

Materials" and filed March 31, 2006. 

[0009] This application incorporates by reference the 

entire disclosures of the above applications as part of the 
30 specification of this application. 
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Background 

[0010] This application relates to display systems that use 
screens with fluorescent materials to emit colored light under 
optical excitation, such as laser-based image and video 
5 displays and screen designs for such displays. 

[0011] Many image and video displays are designed to directly 
produce color images in different colors, such as red, green 
and blue and then project the color images on a screen. Such 
systems are often referred to as "projection displays" where 

10 the screen is simply a surface to make the color images 

visible to a viewer. Such projection displays may use white 
light sources where white beams are filtered and modulated to 
produce images in red, green and blue colors. Alternatively, 
three light sources in red, green and blue may be used to 

15 directly produce three beams in red, green and blue colors and 
the three beams are modulated to produce images in red, green 
and blue. Examples of such projection displays include 
digital light processing (DLP) displays, liquid crystal on 
silicon (LCoS) displays, and grating light valve (GLV) 

20 displays. Notably, GLV displays use three grating light 
valves to modulate red, green and blue laser beams, 
respectively, and use a beam scanner to produce the color 
images on a screen. Another example of laser-based projection 
displays is described in U.S. Patent No. 5,920,361 entitled 

25 "Methods and apparatus for image proj ection. " Projection 
displays use optical lens systems to image and project the 
color images on the screen. 

[0012] Some other image and video displays use a "direct" 
configuration where the screen itself includes light-producing 
30 color pixels to directly form color images in the screen. 

Such direct displays eliminate the optical lens systems for 
projecting the images and therefore can be made relatively 
smaller than projection displays with the same screen sizes. 
Examples of direct display systems include plasma displays, 

~2 ~ 



WO 2007/050662 PCT/US2006/041584 

liquid crystal displays (LCDs) , light-emitting-diode (LED) 
displays (e.g., organic LED displays), and field-emission 
displays (FEDs). Each color pixel in such direct displays 
includes three adjacent color pixels which produce light in 
red, green and blue, respectively, by either directly emit 
colored light as in LED displays and FEDs or by filtering 
white light such as the LCDs . 

[0013] These and other displays are replacing cathode-ray tube 
(CRT) displays which dominated the display markets for decades 
since its inception. CRT displays use scanning electron beams 
in a vacuum tube to excite color phosphors in red, green and 
blue colors on the screen to emit colored light to produce 
color images. Although CRT displays can produce vivid colors 
and bright images with high resolutions, the use of cathode- 
ray tubes places severe technical limitations on the CRT 
displays and leads to dramatic decline in demand for CRT 
displays in recent years. 
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Summary 

[0014] The specification of this application describes, 
among others, scanning beam display systems based on scanning 
light on a fluorescent screen- The screen can include 
5 fluorescent materials which emit visible light under 

excitation of the scanning light to form images with the 
emitted visible light. Multiple lasers can be used to 
simultaneously scan multiple laser beams to illuminate the 
screen for enhanced display brightness. For example, the 
10 multiple laser beams can illuminate one screen segment at a 
time and sequentially scan multiple screen segments to 
complete a full screen. 

[0015] For example, one scanning beam display system 
described in this specification can include lasers forming a 

15 laser array to produce a plurality of laser beams, 

respectively; a scanning module placed in an optical path of 
the laser beams to scan the laser beams in two orthogonal 
directions; and an afocal optical relay module placed between 
the lasers and the scanning module having a plurality of 

20 lenses to reduce a spacing between two adjacent laser beams of 
the laser beam and to overlap the laser beams at the scanning 
module. in one implementation of the afocal optical relay 
module, the optical relay module can include a first lens 
having a first focal length to receive and focus the laser 

25 beams from the lasers; a second lens having a second focal 

length shorter than the first focal length and spaced from the 
first lens by the first focal length to focus the laser beams 
from the first lens; and a third lens having a third focal 
length longer than the second focal length and spaced from the 

30 second lens by the third focal length to focus and direct the 
laser beams from the second lens to the scanning module. In 
one implementation of the scanning module, the scanning module 
can include a galvo mirror positioned to receive the laser 
beams from the third lens and scan the received laser beams 
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along the first scanning direction, and a polygon scanner 
positioned to receive the laser beams from the galvo mirror 
and operable to scan the received laser beams along a second 
scanning direction orthogonal to the first scanning direction, 
5 where the system further includes an optical imaging lens 

module placed between the galvo mirror and the polygon scanner 
to image the galvo mirror onto the polygon scanner. 
[0016] For another example, a display system can include 

lasers forming a laser array to produce a plurality of laser 

10 beams, respectively; a scanning module placed in an optical 
path of the laser beams to scan the laser beams in two 
orthogonal directions; a screen comprising fluorescent 
materials that emit visible light to form images with the 
emitted light when illuminated by the laser beams; a scan lens 

15 positioned to receive the laser beams from the scanning module 
and to project the laser beams onto the screen; and first and 
second optical reflectors that reflect the laser beams. The 
first optical reflector is positioned to reflect scanning 
laser beams from the scan lens to the second optical reflector 

20 which is positioned to reflect the scanning laser beams from 
the first optical reflector to the screen, and the first and 
second optical reflectors are positioned to fold an optical 
path from the scan lens to the screen to reduce a distance 
between the scan lens and the screen. 

25 [0017] The specification of this application also describes 

an example method for scanning light onto a screen to display 
an image. This method includes modulating light to include 
optical pulses that carry images to be displayed; scanning the 
light in two orthogonal scanning directions; and using a scan 

30 lens to project the scanned light on a screen to show the 
images, where the light is modulated to carry distorted 
versions of the images to include image distortions that 
negate distortions caused by the scan lens when displayed on 
the screen. In one implementation of this method, the timing 
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of the optical pulses in one scanning direction is controlled 
to negate a portion of distortions caused by the scan lens 
when displayed on the screen. 

[0018] As a further example, a display system is described 
5 to include a light source to produce at least one excitation 
beam modulated to carry images; a scanning module to scan the 
excitation beam in two orthogonal directions; a fluorescent 
screen to receive the scanning excitation beam, the 
fluorescent screen emitting visible light to form the images 
10 with the emitted visible light when illuminated by the 

4 

scanning excitation beam; and a two-dimensional f-theta scan 
lens positioned to receive the scanning excitation beam from 
the scanning module and to project the scanning excitation 
beam onto the screen. This system can also include a signal 

15 modulation controller in communication with the light source 
to supply image data for the images to control the light 
source which modulates the excitation beam. The signal 
modulation controller provides image data with image 
distortions which negate optical distortions of the two- 

20 dimensional f-theta scan lens when displayed on the screen. 

[0019] In various implementations of scanning beam display 
systems based on scanning light on a fluorescent screen, a 
holographic beam scanner may be used to scan at least one 
laser beam. For example, a holographic beam scanner can be 

25 used to scan the UV laser excitation beam that is scanned on 
the phosphor screen which absorbs the UV laser light to 
produce desired colors and images. A display system, for 
example, can include a screen comprising parallel fluorescent 
stripes each absorbing light at an excitation wavelength to 

30 emit light of a visible color, and a laser module to project 
and scan a laser beam at the excitation wavelength onto the 
screen to convert an image carried by the laser beam via an 
optical modulation into a color image produced by the 
fluorescent stripes on the screen. The laser module includes 

~ 6~ 
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a holographic beam scanner to scan the laser beam in at least 
one direction. A suitable holographic scanner can be in 
various configurations. In one design, for example, the 
holographic scanner can include a holographic disk that is 
recorded with hologram patterns and is rotated to deflect an 
incident beam for scanning. A holographic beam scanner may be 
used to replace a polygon beam scanner in some examples 
described in this application to provide the "horizontal" 
scanning on the screen while a galvo mirror or another beam 
scanning device is used to provide the "vertical" scanning on 
the screen. In another implementation, two separate 
holographic scanners can be used to provide the horizontal 
beam scanning and vertical beam scanning, respectively. In 
yet another implementation, a single holographic scanner may 
be used to provide the 2-dimensional scanning in the 
horizontal and vertical directions by having a single rotating 
holographic disk recorded with first hologram patterns for 
scanning the beam in the horizontal direction and second 
hologram patterns for scanning the beam in the vertical 
direction. 

[0020] These and other examples and implementations are 
described in detail in the drawings, the detailed description 
and the claims. 
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Brief Description of the Drawings 
[0021] FIG. 1 shows an example scanning laser display system 
having a fluorescent screen made of laser-excitable phosphors 
emitting colored lights under excitation of a scanning laser 
5 beam that carries the image information to be displayed. 

[0022] FIGS. 2A and 2B show one example screen structure and 
the structure of color pixels on the screen in FIG. 1. 
[0023] FIG. 2C shows another example for a fluorescent screen 
with fluorescent stripes formed by placing parallel optical 
10 filters over the layer of a uniform fluorescent layer which 
emits white light under optical excitation. 

[0024] FIG. 3 shows an example implementation of the laser 
module in FIG. 1 having multiple lasers that direct multiple 
laser beams on the screen. 
15 [0025] FIG. 4 illustrates one example of simultaneous scanning 
of multiple screen segments with multiple scanning laser 
beams . 

[0026] FIGS. 5A and 5B show an example of a laser module with 
an array of lasers to produce different scanning beams onto 
20 the screen for implementations of the display system in FIG. 
3. 

[0027] FIGS. 6, 7, 8 and 9 show examples of lasers having 
laser actuators that control the vertical direction of the 
laser beam. 

25 [0028] FIG. 10 shows an optical layout of a laser module for 
implementing the scanning laser module in FIG. 3. 
[0029] FIG. 11 shows an example of a two-dimensional f-theta 
scan lens with three lens elements. 

[0030] FIG. 12 shows an alternative design of an afocal relay 
30 in FIG. 10. 

[0031] FIG. 13 shows an example of an afocal relay between a 
galvo mirror and a polygon scanner to image the galvo mirror 
on to a reflecting facet of the polygon scanner. 
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[0032] FIG. 14 illustrates bow distortions caused by a scan 
lens in a scanning display system based on the laser module in 
FIG. 3. 

[0033] FIGS. 15 shows an example of measured distortions on a 
screen caused by a scan lens in a scanning system based on the 
design in FIG. 3. 

[0034] FIGS. 16A and 16B show two examples of folded optical 
paths for directing a scanning laser beam to a screen with 
phosphors in scanning beam rear projection systems. 
[0035] FIGS. 17A and 17B shows scanning beam displays using 
fluorescent screens where a polygon scanner is positioned 
upstream from a galvo mirror along the propagation direction 
of an excitation beam. 

[0036] FIGS. 18A and 18B show an example of a holographic disk 
that can be used to construct a holographic scanner. 
[0037] FIGS. 19, 20, 21 and 22 illustrate examples of 
holographic disk scanners using the holographic disk shown in 
FIGS. 18A and 18B. 
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Detailed Description 
[0038] This application describes scanning beam display 
systems that use screens with fluorescent materials to emit 
light under optical excitation to produce images, including 
5 laser vector scanner display devices and laser video display 
devices that use laser excitable fluorescent screens to 
produce images by absorbing excitation laser light and 
emitting colored light. Various examples of screen designs 
with fluorescent materials are described. Screens with 

10 phosphor materials under excitation of one or more scanning 

excitation laser beams are described in detail and are used as 
specific implementation examples of optically excited 
fluorescent materials in various system and device examples in 
this application. 

15 [0039] In one implementation, for example, three different 

color phosphors that are optically excitable by the laser beam 
to respectively produce light in red, green, and blue colors 
suitable for forming color images may be formed on the screen 
as pixel dots or repetitive red, green and blue phosphor 

20 stripes in parallel. Various examples described in this 

application use screens with parallel color phosphor stripes 
for emitting light in red, green, and blue to illustrate 
various features of the laser-based displays. Phosphor 
materials are one type of fluorescent materials. Various 

25 described systems, devices and features in the examples that 
use phosphors as the fluorescent materials are applicable to 
displays with screens made of other optically excitable, 
light-emitting, non-phosphor fluorescent materials . 
[0040] For example, quantum dot materials emit light under 

30 proper optical excitation and thus can be used as the 
fluorescent materials for systems and devices in this 
application. More specifically, semiconductor compounds such 
as, among others, CdSe and PbS, can be fabricated in form of 
particles with a diameter on the order of the exciton Bohr 
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radius of the compounds as quantum dot materials to emit 
light. To produce light of different colors, different 
quantum dot materials with different energy band gap 
structures may be used to emit different colors under the same 
5 excitation light- Some quantum dots are between 2 and 10 
nanometers in size and include approximately tens of atoms 
such between 10 to 50 atoms. Quantum dots may be dispersed 
and mixed in various materials to form liquid solutions, 
powders, jelly-like matrix materials and solids (e.g., solid 

10 solutions) . Quantum dot films or film stripes may be formed 
on a substrate as a screen for a system or device in this 
application. In one implementation, for example, three 
different quantum dot materials can be designed and engineered 
to be optically excited by the scanning laser beam as the 

15 optical pump to produce light in red, green, and blue colors 
suitable for forming color images. Such quantum dots may be 
formed on the screen as pixel dots arranged in parallel lines 
(e.g., repetitive sequential red pixel dot line, green pixel 
dot line and blue pixel dot line) . 

20 [0041] Examples of scanning beam display systems described 
here use at least one scanning laser beam to excite color 
light-emitting materials deposited on a screen to produce 
color images. The scanning laser beam is modulated to carry 
images in red, green and blue colors or in other visible 

25 colors and is controlled in such a way that the laser beam 

excites the color light-emitting materials in red, green and 
blue colors with images in red, green and blue colors, 
respectively. Hence, the scanning laser beam carries the 
images but does not directly produce the visible light seen by 

30 a viewer. Instead, the color light-emitting fluorescent 
materials on the screen absorb the energy of the scanning 
laser beam and emit visible light in red, green and blue or 
other colors to generate actual color images seen by the 
viewer . 
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[0042] Laser excitation of the fluorescent materials using one 
or more laser beams with energy sufficient to cause the 
fluorescent materials to emit light or to luminesce is one of 
various forms of optical excitation. In other 
5 implementations, the optical excitation may be generated by a 
non-laser light source that is sufficiently energetic to 
excite the fluorescent materials used in the screen. Examples 
of non-laser excitation light sources include various light- 
emitting diodes (LEDs) , light lamps and other light sources 

10 that produce light at a wavelength or a spectral band to 

excite a fluorescent material that converts the light of a 
higher energy into light of lower energy in the visible range. 
The excitation optical beam that excites a fluorescent 
material on the screen can be at a frequency or in a spectral 

15 range that is higher in frequency than the frequency of the 
emitted visible light by the fluorescent material. 
Accordingly, the excitation optical beam may be in the violet 
spectral range and the ultra violet (UV) spectral range, e.g., 
wavelengths under 420 nm. In the examples described below, UV 

20 light or a UV laser beam is used as an example of the 

excitation light for a phosphor material or other fluorescent 
material and may be light at other wavelength. 

[0043] FIG. 1 illustrates an example of a laser-based display 
system using a screen having color phosphor stripes. 

25 Alternatively, color phosphor dots may also be used to define 
the image pixels on the screen. The system includes a laser 
module 110 to produce and project at least one scanning laser 
beam 120 onto a screen 101. The screen 101 has parallel color 
phosphor stripes in the vertical direction where red phosphor 

30 absorbs the laser light to emit light in red, green phosphor 
absorbs the laser light to emit light in green and blue 
phosphor absorbs the laser light to emit light in blue. 
Adjacent three color phosphor stripes are in three different 
colors. One particular spatial color sequence of the stripes 
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is shown in FIG- 1 as red, green and blue. Other color 
sequences may also be used. The laser beam 120 is at the 
wavelength within the optical absorption bandwidth of the 
color phosphors and is usually at a wavelength shorter than 
the visible blue and the green and red colors for the color 
images. As an example, the color phosphors may be phosphors 
that absorb UV light in the spectral range from about 38 0 nm 
to about 420 nm to produce desired red, green and blue light. 
The laser module 110 can include one or more lasers such as UV 
diode lasers to produce the beam 120, a beam scanning 
mechanism to scan the beam 120 horizontally and vertically to 
render one image frame at a time on the screen 101, and a 
signal modulation mechanism to modulate the beam 120 to carry 
the information for image channels for red, green and blue 
colors. Such display systems may be configured as rear 
projection systems where the viewer and the laser module 110 
are on the opposite sides of the screen 101. Alternatively, 
such display systems may be configured as front projection 
systems where the viewer and laser module 110 are on the same 
side of the screen 101. 

[0044] FIG. 2A shows an exemplary design of the screen 101 in 
FIG. 1. The screen 101 may include a rear substrate 201 which 
is transparent to the scanning laser beam 120 and faces the 
laser module 110 to receive the scanning laser beam 120. A 
second front substrate 202, is fixed relative to the rear 
substrate 201 and faces the viewer in a rear projection 
configuration. A color phosphor stripe layer 203 is placed 
between the substrates 2 01 and 202 and includes phosphor 
stripes. The color phosphor stripes for emitting red, green 
and blue colors are represented by "R", "G" and "B, " 
respectively. The front substrate 202 is transparent to the 
red, green and blue colors emitted by the phosphor stripes. 
The substrates 201 and 202 may be made of various materials, 
including glass or plastic panels. Each color pixel includes 
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portions of three adjacent color phosphor stripes in the 
horizontal direction and its vertical dimension is defined by 
the beam spread of the laser beam 120 in the vertical 
direction. As such, each color pixel includes three subpixels 
of three different colors (e.g., the red, green and blue). 
The laser module 110 scans the laser beam 120 one horizontal 
line at a time, e.g., from left to right and from top to 
bottom to fill the screen 101. The laser module 110 is fixed 
in position relative to the screen 101 so that the scanning of 
the beam 120 can be controlled in a predetermined manner to 
ensure proper alignment between the laser beam 12 0 and each 
pixel position on the screen 101. 

[0045] In FIG. 2A, the scanning laser beam 120 is directed at 
the green phosphor stripe within a pixel to produce green 
light for that pixel. FIG. 2B further shows the operation of 
the screen 101 in a view along the direction B-B perpendicular 
to the surface of the screen 101. Since each color stripe is 
longitudinal in shape, the cross section of the beam 120 may 
be shaped to be elongated along the direction of the stripe to 
maximize the fill factor of the beam within each color stripe 
for a pixel. This may be achieved by using a beam shaping 
optical element in the laser module 110. A laser source that 
is used to produce a scanning laser beam that excites a 
phosphor material on the screen may be a single mode laser or 
a multimode laser. The laser may also be a single mode along 
the direction perpendicular to the elongated direction 
phosphor stripes to have a small beam spread that is confined 
by the width of each phosphor stripe. Along the elongated 
direction of the phosphor stripes, this laser beam may have 
multiple modes to spread over a larger area than the beam 
spread in the direction across the phosphor stripe. This use 
of a laser beam with a single mode in one direction to have a 
small beam footprint on the screen and multiple modes in the 
perpendicular direction to have a larger footprint on the 
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screen allows the beam to be shaped to fit the elongated color 
subpixel on the screen and to provide sufficient laser power 
in the beam via the multimodes to ensure sufficient brightness 
of the screen. 

5 [0046] FIG. 2C illustrates another example of a fluorescent 
screen design that has a contiguous and uniform layer 220 of 
mixed phosphors. This mixed phosphor layer 220 is designed 
and constructed to emit white light under optical excitation 
of the excitation light 120. The mixed phosphors in the mixed 

10 phosphor layer 220 can be designed in various ways and a 

number of compositions for the mixed phosphors that emit white 
light are known and documented. Notably, a layer 210 of color 
filters , such as stripes of red- transmit ting, green- 
transmitting and blue-transmitting filters, is placed on the 

15 viewer side of the mixed phosphor layer 220 to filter the 

white light and to produce colored output light. The layers 
210 and 220 can be sandwiched between substrates 201 and 202. 
The color filters may be implemented in various 
configurations, including in designs similar to the color 

20 filters used in color LCD panels. In each color filter region 
e.g., a red-transmitting filter, the filter transmits the red 
light and absorbs light of other colors including green light 
and blue light. Each filter in the layer 210 may be a multi- 
layer structure that effectuates a band-pass interference 

25 filter with a desired transmission band. Various designs and 
techniques may be used for designing and constructing such 
filters. U.S. Patent No. 5,587,818 entitled "Three color LCD 
with a black matrix and red and/or blue filters on one 
substrate and with green filters and red and/or blue filters 

30 on the opposite substrate/' and U.S. Patent No. 5,684,552 

entitled "Color liquid crystal display having a color filter 
composed of multilayer thin films," for example, describe red, 
green and blue filters that may be used in the screen design 
in FIG. 2C. Hence, a fluorescent stripe in the fluorescent 
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screen 101 in various examples described in this application 
is a fluorescent stripe that emits a designated color under 
optical excitation and can be either a fluorescent stripe 
formed of a particular fluorescent material that emits the 
5 designed color in FIG. 2A or a combination of a stripe color 
filter and a white fluorescent layer in FIG. 2C. 
[0047] FIG. 3 shows an example implementation of the laser 
module 110 in FIG . 1. A laser array 310 with multiple lasers 
is used to generate multiple laser beams 312 to simultaneously 

10 scan the screen 101 for enhanced display brightness. A signal 
modulation controller 320 is provided to control and modulate 
the lasers in the laser array 310 so that the laser beams 312 
are modulated to carry the image to be displayed on the screen 
101. The signal modulation controller 320 can include a 

15 digital image processor that generates digital image signals 
for the three different color channels and laser driver 
circuits that produce laser control signals carrying the 
digital image signals. The laser control signals are then 
applied to modulate the lasers, e.g., the currents for laser 

20 diodes, in the laser array 310. 

[0048] The beam scanning is achieved by using a scanning 
mirror 340 such as a galvo mirror for the vertical scanning 
and a multi-facet polygon scanner 350 for the horizontal 
scanning. A scan lens 360 is used to project the scanning 

25 beams form the polygon scanner 350 onto the screen 101. The 
scan lens 360 is designed to image each laser in the laser 
array 310 onto the screen 101. Each of the different 
reflective facets of the polygon scanner 350 simultaneously 
scans N horizontal lines where N is the number of lasers. In 

30 the illustrated example, the laser beams are first directed to 
the galvo mirror 340 and then from the galvo mirror 340 to the 
polygon scanner 350. The output scanning beams 120 are then 
projected onto the screen 101. A relay optics module 330 is 
placed in the optical path of the laser beams 312 to modify 
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the spatial property of the laser beams 312 and to produce a 
closely packed bundle of beams 332 for scanning by the galvo 
mirror 340 and the polygon scanner 350 as the scanning beams 
120 projected onto the screen 101 to excite the phosphors and 
5 to generate the images by colored light emitted by the 
phosphors . 

[0049] The laser beams 120 are scanned spatially across the 
screen 101 to hit different color pixels at different times. 
Accordingly,, each of the modulated beams 120 carries the image 

10 signals for the red, green and blue colors for each pixel at 
different times and for different pixels at different times. 
Hence, the beams 120 are coded with image information for 
different pixels at different times by the signal modulation 
controller 320. The beam scanning thus maps the time-domain 

15 coded image signals in the beams 120 onto the spatial pixels 

on the screen 101. For example, the modulated laser beams 120 
can have each color pixel time equally divided into three 
sequential time slots for the three color subpixels for the 
three different color channels. The modulation of the beams 

20 120 may use pulse modulation techniques to produce desired 

grey scales in each color, a proper color combination in each 
pixel, and desired image brightness. 

[0050] In one implementation, the multiple beams 120 are 
directed onto the screen 101 at different and adjacent 

25 vertical positions with two adjacent beams being spaced from 
each other on the screen 101 by one horizontal line of the 
screen 101 along the vertical direction. For a given position 
of the galvo mirror 340 and a given position of the polygon 
scanner 350, the beams 120 may not be aligned with each other 

30 along the vertical direction on the screen 101 and may be at 
different positions on the screen 101 along the horizontal 
direction. The beams 120 can only cover one portion of the 
screen 101. At a fixed angular position of the galvo mirror 
340, the spinning of the polygon scanner 350 causes the beams 
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120 from N lasers in the laser array 310 to scan one screen 
segment of N adjacent horizontal lines on the screen 101. At 
end of each horizontal scan over one screen segment, the galvo 
mirror 340 is adjusted to a different fixed angular position 
5 so that the vertical positions of all N beams 120 are adjusted 
to scan the next adjacent screen segment of N horizontal 
lines. This process iterates until the entire screen 101 is 
scanned to produce a full screen display. 

[0051] FIG. 4 illustrates the above simultaneous scanning of 

10 one screen segment with multiple scanning laser beams at a 
time and sequentially scanning consecutive screen segments. 
Visually, the beams 120 behaves like a paint brush to "paint" 
one thick horizontal stroke across the screen 101 at a time to 
cover one screen segment and then subsequently to "paint" 

15 another thick horizontal stroke to cover an adjacent 

vertically shifted screen segment. Assuming the laser array 
310 has 36 lasers, a 1080-line progressive scan of the screen 
101 would require scanning 30 vertical screen segments for a 
full scan. Hence, this configuration in an effect divides the 

20 screen 101 along the vertical direction into multiple screen 
segments so that the N scanning beams scan one screen segment 
at a time with each scanning beam scanning only one line in 
the screen segment and different beams scanning different 
sequential lines in that screen segment. After one screen 

25 segment is scanned, the N scanning beams are moved at the same 
time to scan the next adjacent screen segment. 
[0052] In the above design with multiple laser beams, each 
scanning laser beam scans only a number of lines across the 
entire screen along the vertical direction that is equal to 

30 the number of screen segments. Hence, the polygon scanner for 
the horizontal scanning can operate at a slower speed than a 
scanning speed needed for a single beam design where the 
single beam scans every line of the entire screen. For a 
given number of total horizontal lines on the screen (e.g., 
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1080 lines in HDTV) , the number of screen segments decreases 
as the number of the lasers increases. Hence, with 36 lasers, 
the galvo mirror 340 and the polygon scanner 350 scan 30 
lines per frame while a total of 108 lines per frame are 
5 scanned when there are only 10 lasers. Hence, the use of the 
multiple lasers can increase the image brightness which is 
approximately proportional to the number of lasers used and, 
at the same time, can also advantageously reduce the response 
speeds of the scanning system. 

10 [0053] The vertical beam pointing accuracy is controlled 

within a threshold in order to produce a high quality image. 
When multiple scanning beams are used to scan multiple screen 
segments, this accuracy in the vertical beam pointing should 
be controlled to avoid or minimize an overlap between two 

15 adjacent screen segments because such an overlap in the 

vertical direction can severely degrade the image quality. 
The vertical beam pointing accuracy should be less than the 
width of one horizontal line in implementations. 
[0054] This misalignment between two adjacent screen segments 

20 can be digitally corrected through modulation of the laser 
beams 312 by the signal modulation controller 320. Each 
segment of the screen can be driven with a scan engine capable 
of generating more horizontal lines than actually required for 
display in that segment (e.g., 4 extra lines). In a perfectly 

25 aligned situation, the beam scanning of the system can be 
configured to have an equal number of extra (unused) lines 
above and below a segment image for each screen segment. If 
vertical misalignment exists, the control electronics in the 
signal modulation controller 320 can shift the segment image 

30 upwards or downwards by utilizing these extra lines in place 
of the normal lines. For example, if the image needs to be 
moved upwards one line, the controller 320 operates to cause 
each line to move upwards to the previous one, utilizing one 
of the extra lines above the normal image and adding an extra 
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unused line at the bottom. If this adjustment is desired to 
take place automatically during the startup or normal 
operation of the system, an optical sensor can be used to 
provide feedback in real time. This optical sensor may be a 
5 position sensing photodiode located to either side of the 
viewable area of the screen segment to be controlled. The 
line would over scan onto this sensor when required. 
Alternatively , an optical beam splitter may be used to provide 
feedback during the viewable portion of the scan. One of the 

10 advantages of the above method for vertical alignment of 
different screen segments is to reduce or simplify the 
requirement for accurate optical alignment because the 
electronic adjustment , when properly implemented, is simpler 
to implement and can reduce cost of the system. 

15 [0055] The above described method allows adjustment with a 

resolution of only one line along the vertical direction. To 
accomplish a sub-line (sub-pixel) adjustment along the 
vertical direction, the scan engine for scanning the 
excitation beam can be rotated slightly. This produces 

20 slightly diagonal horizontal scan lines. The adjacent screen 
segments would have scan engines slightly rotated on the 
opposite direction. Under this condition, to create a 
straight horizontal line, portions of at least two scan lines 
are used depending on the amount of the rotation. This can 

25 produce a less noticeable junction between two neighboring 
screen segments. 

[0056] FIGS. 5A and 5B show an example laser module 500 for 

a scanning beam display system using an array 310 of lasers 
520 to generate multiple scanning beams based the designs in 
30 FIGS. 3 and 4. The laser module 500 includes a base 510 on 
which other components are mounted at predetermined fixed 
positions. A laser tower 510 mounted on one end of the base 
501 as the light source for the laser module 500. The laser 
tower 510 includes a laser array mounting rack 512 that holds 
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multiple lasers 520 of the laser array 310 which produces 
multiple laser beams and delivers a sufficient amount of total 
laser power to the fluorescent screen 101 for desired display- 
brightness , The laser tower 510 includes a laser tower case 
5 514 that covers part of the laser tower 510 and forms a 

partial enclosure for holding the laser array mounting rack 
512 and the part of optical pathways of the laser beams. 
[0057] The laser array mounting rack 512 has a structure to 

hold lasers 520 at different positions along the vertical 

10 direction and different horizontal positions above the base 

501. As illustrated, the lasers 520 can be held in different 
vertical arrays that are spatially shifted or staggered 
relative to one another along two orthogonal direction in a 
plane parallel to the base 501. For example, one vertical 

15 laser array 521 is shown in FIG. 5A and two adjacent staggered 
vertical laser arrays 521 and 522 are shown in FIG. 5B. The 
lasers 520 in each vertical array are oriented by the design 
of the laser array mounting rack 512 to direct respective 
laser beams in a fan configuration as converging beams to 

20 point to the galvo mirror 34 0 mounted on a galvo mirror mount 
530 on the base 501. The galvo mirror mount 530 can include a 
driver circuit for operating and controlling the galvo mirror 
350. 

[0058] FIG. 5B shows a bird's eye view of the laser module 

25 500 along the direction B-B as indicated in FIG. 5A. The 

folded beam paths of the laser beams are used to reduce the 
size of the laser module 500. Notably, the lasers 520 are 
spatially staggered along the laser beam direction to form a 
three-dimensional array and produce a cone of converging laser 
30 beams that are directed to the galvo mirror 340. The 

staggering arrangement allows two neighboring vertical arrays, 
e.g., the vertical arrays 521 and 522, to be spatially close 
to each other with an array-to-array spacing less than the 
spacing between two lasers when placed in a common plane. The 
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two vertical arrays 521 and 522 are staggered in space to have 
different distances from the scanning module which includes 
the galvo mirror 340 and the polygon scanner 350. As shown in 
FIG. 3, the converging laser beams are directed through a 
5 relay optical module 330 and are transformed into a bundle of 
closely packed beams before reaching the galvo mirror 340. 
The galvo mirror 340 scans and reflects the bundle of closely 
packed beams to the polygon scanner 350. A polygon mount 502 
on the base 501 is provided to hold the polygon scanner 350 

10 and includes a motor for spinning the polygon scanner 350, a 
power supply and a polygon control circuit. A lens mount 550 
on the base 501 is used to hold a scan lens assembly 540 to 
receive the scanning laser beams from the polygon scanner 350 
and to project the received scanning beams onto the screen. 

15 [0059] The following sections describe implementation 

examples and details of various optical components in the 
laser module 500. 

[0060] The laser array mounting rack 512 can be designed to 

hold the lasers 520 at respective positions and orientations 

20 so that each laser beam is directed at a proper direction 

towards the relay optics module 330 and the galvo mirror 340. 
The laser mounting by the laser array mounting rack 512 is 
approximate and can deviate from a desired optical alignment 
for each laser 520 in part due to variations and tolerances in 

25 machining of the laser array mounting rack 512, aging of the 
structure, thermal fluctuations and other factors. The laser 
module 500 can include one or more mechanisms to control the 
direction of each laser beam to optically assign each beam for 
optimized operation . 

30 [0061] FIG. 6 shows an example of each laser 520 with a 

laser actuator that controls the laser beam direction. The 
laser 520 includes a laser diode or a semiconductor-based 
laser 610, a laser collimator 630 that is fixed relative to 
the laser diode 610, and a laser position actuator 640 engaged 
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to the assembly of the laser diode 610 and laser collimator 
630. The laser diode 610 includes conductor leads 620 that 
are connected to the laser driver circuit to receive a 
modulated driver current which generates and modulates the 
laser beam to carry image data. A laser holder 601 is used as 
a base to hold the above components and to mount the laser 520 
to the laser array mounting rack 512. Because the laser diode 
610 and laser collimator 630 in this design are fixed to each 
other as an integral the assembly, the laser position actuator 
640 can be used to tilt the orientation of the assembly of the 
laser diode 610 and laser collimator 630 relative to the laser 
holder 601 without changing the relative position or 
orientation of the laser diode 610 and the laser collimator 
630. The tilting of the assembly of the laser diode 610 and 
laser collimator 630 can be along a single axis, e.g., a 
horizontal axis parallel to the horizontal rotation axis of 
the galvo mirror 340. This laser position actuator 640 can be 
a flexure actuator using a piezoelectric material and can be 
used for precisely controlling the vertical beam position of 
each laser beam on the screen. 

[0062] FIGS. 7, 8 and 9 show other designs for controlling the 
beam pointing. Each design includes a beam control actuator 
at the laser to control the pointing of the beam while the 
galvo mirror near the polygon is used to control the vertical 
beam scanning. The implementation of this beam control 
actuator and the above described controls in FIG. 6 allows 
software control of the static and dynamic beam pointing for 
each laser. 

[0063] In FIG. 7, a laser 710 such as a diode laser is used to 
generate the scanning laser beam which may be at a UV or 
violet wavelength. A collimating lens 720 in front of the 
laser diode 710 is mounted to a lens position actuator 730 and 
is used to collimate the laser light. The lens position 
actuator 730 can be operated to move the assembly of the laser 
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diode 710 and the collimating lens 720 as a single unit in a 
direction perpendicular to the laser beam and to tilt the 
assembly to change the pointing of the laser beam in the 
vertical direction. This vertical adjustment of the lens 
5 position actuator 830 causes a vertical displacement of the 
laser beam on the screen. The position actuator 730 is 
designed and controlled to make the vertical displacement on 
the screen with a resolution much less than the width of one 
horizontal scanning line. 

10 [0064] The lens position actuator 730 may be implemented in 

various configurations. For example, a lens position actuator 
similar to an lens actuator used in a DVD drive optical pick- 
up unit may be used. Such a lens actuator may include, e.g., 
a focus actuator and an integrated laser diode, and can be 

15 produced in a large volume at a low cost. The size of the DVD 
lens actuator is compact and the dynamic response of the 
actuator is suitable for the vertical adjustment for display 
systems in this application. Some lens actuators can produce 
a displacement of about 1 mm. The laser beam may be 

20 controlled to tilt around a pivot located on each polygon 

facet of the polygon scanner 350 to eliminate or minimize the 
beam displacement on the polygon facet. 

[0065] FIG. 8 shows another implementation where a lens 
rotation actuator 810 is engaged to the laser diode 710 and 

25 the collimating lens 720 to tilt the laser beam without 
changing the relative position of the laser 710 and the 
collimating lens 720. This tilting or rotation of the 
collimated laser diode assembly with both the laser 710 and 
the collimating lens 720 changes the vertical beam pointing on 

30 the screen and thus causes a vertical displacement on the 
screen. The lens rotation actuator 820 is designed and 
controlled to make the vertical displacement on the screen to 
have a resolution much less than the width of one horizontal 
scanning line. Various bearing designs may be used to tilt or 
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rotate the laser assembly, including a flexure, a ball 
bearing, a jewel bearing, etc. Also, various actuator 
technologies may also be used, including a voice coil motor, a 
Nitinol wire actuator, a piezo actuator, an electro- 
restrictive actuator, and other electromechanical actuators 
and electromagnetic actuators. The beam focusing of this 
design is essentially fixed and is not affected by the 
vertical displacement actuator. The laser beam may be 
controlled to tilt around a pivot located on the polygon facet 
to eliminate or minimize the beam displacement on the polygon 
facet . 

[0066] A spherical bearing 822 may be used to change the 
vertical beam pointing on the screen. The assembly of the 
laser diode 710 and the collimating lens 720 as a whole is 
movably engaged to the spherical bearing 822 and the actuator 
82 0 operates to causes the assembly to move along the 
spherical bearing 822. The spherical bearing 822 can be 
designed to have a radius equal to the distance from the 
assembly of the laser diode 710 and the collimating lens 720 
to the polygon facet, resulting in a rotation about the 
polygon facet. Other mechanism (e.g. linkage) may be used to 
simulate the spherical bearing motion path. 

[0067] FIG. 9 further shows a design where a lens position 

actuator 910 is engaged to the collimating lens 720 to shift 
the position of the collimating lens relative to the laser 
diode 710 along the path perpendicular to the laser beam. 
This control can be used to control the alignment of the laser 
beam and the beam position on the screen along the vertical 
direction. 

[0068] One of the technical challenges in implementing 
multiple lasers for simultaneous scanning is to pack the 
multiple lasers closely to one another in space to produce a 
single-pixel separation between two adjacent horizontal lines 
produced by two simultaneously scanning laser beams from two 
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different lasers on the screen. Due to the transverse 
dimension of each laser which includes a laser diode and a 
collimating lens, a large array of lasers, when arranged as a 
two-dimensional array, produces a bundle of laser beams with a 
5 large foot print with a spacing between two adjacent lasers 
larger than the dimension of one pixel on the screen. To 
reduce the spacing between the adjacent laser beams and to 
reduce the dimension of the laser array, the lasers can be 
staggered in a three-dimensional array as shown in the example 

10 in FIGS. 5A and 5B. However, it remains difficult to achieve 
a one-pixel beam spacing between adjacent beams on the screen 
in such a staggered three-dimension laser array. One way to 
solve this technical problem is to design the relay optics 
module 330 to control the spacing between two adjacent beams 

15 along the vertical direction to equal to one pixel on the 
screen 101. 

[0069] FIG. 10 shows one example of an afocal relay 1001 as 

the relay optics module 330 in FIG. 3. The afocal relay 1001 
is placed in the optical paths of the laser beams 312 from 

20 lasers in the laser array 310 in FIG. 3. Each laser in the 

laser array 310 may be implemented as a combination of a laser 
diode and a laser collimator lens, such as the laser diode 610 
and the laser collimator 630 in FIG. 6, and the laser diode 
710 and the collimator lens 720 in FIGS. 7-9. The afocal 

25 relay 1001 includes three optically positive lenses: a first 

lens 1010 (Ll) with a focal length fl, a second lens 1020 (L2) 
with a focal length f2 and a third lens 1030 (L3) with a focal 
lens f3. The first lens 1010 is a converging lens that has a 
large aperture to receive the beams 312 with a large beam-to- 

30 beam spacing and is spaced from the second lens 1020, a field 
lens, by a spacing equal to or near its own focal length f 1 . 
The focal length f2 of the second lens 1020 is less than the 
focal length fl of the first lens 1010. 
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[0070] In operation, the first lens 1010 focuses the 

received beams 312 to the second lens 1020 and the first and 
second lenses 1010 and 1020 collectively reduce the beam size 
of each beam and the angular beam-to-beam spacing. The focal 
5 lengths fl and f2 are selected to achieve the desired 

reduction in the beam across section for each beam and the 
beam-to-beam spacing at the output of the afocal relay 1001. 
The third lens 1030 has a focal length f3 greater than the 
focal length f2 and is spaced from the second lens 1020 by its 

10 focal length f3. Under this design, the third lens 1030 

collimates the diverging beams from the second lens 1020 and 
controls the location of the exit pupil, i.e., the plane where 
output beams completely overlap one another. In the present 
system, the exit pupil is designed to be at the galvo mirror 

15 340. As an example, for a given set of laser collimators 720 
or 630 used in the laser array 310, the focal lengths for the 

.i 

three lenses 1010, 1020 and 1030 in the afocal relay 1001 can 
be 100 mm, 5.128 mm and 200 mm, respectively. Under this 
specific design, the overall magnification of the afocal relay 

20 1001 is 2 so that the diameter of each output beam leaving the 
third lens 1030 is twice the diameter of each input beam 
received by the first lens 1010. Alternatively, the afocal 
relay 1001 can be configured to have a magnification factor 
different from 1:2 such as a magnification of 1:1. 

25 [0071] FIG. 10 further shows a second afocal relay 1002 in 

the optical path between the galvo mirror 340 and the polygon 
scanner 350 to image the surface of the reflective surface of 
the galvo mirror 340 onto a polygon facet that currently 
reflects the beams to the screen 101. This imaging 

30 effectively makes the galvo mirror 340 coincident with the 
currently reflecting polygon facet which, in turn, is 
coincident with the entrance pupil of the scan lens 34 0. 
Therefore, the entrance pupil of the scan lens 340 is the 
pivot point for the scanning beams directed to the scan lens 
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360. The scan lens 360 performs best when the input beams 
pivot about a single entrance pupil; hence there is a 
reduction in the optical distortions that would otherwise 
occur between successive horizontal scan lines that leave the 
5 galvo mirror 240 at different vertical angles. The second 

afocal relay 1002 can be implemented by different imaging lens 
systems and may include, for example, two lenses 1041 (L4) and 
1042 (L5) in a 4f imaging configuration with a magnification 
of 1 as illustrated . 

10 [0072] The scan lens 360 is designed to image lasers 520 

onto the screen 101. In one implementation, the scan lens 360 
can be a two-dimensional f-theta lens that is designed to have 
a linear relation between the location of the focal spot on 
the screen and the input scan angle (theta) when the input 

15 beam is scanned around each of two orthogonal axes 

perpendicular to the optic axis of the scan lens. Such a scan 
lens is different from a conventional imaging lens in which 
the location of the focal spot on the screen is a tangent 
function of the input scan angle (theta) . Some technical 

20 features of certain f-theta lenses can be found in, e.g., US 

Patent No. 4,401,362 and Chapter 22 in "Modern Lens Design" by 
Warren J. Smith (McGraw-Hill, 1992) . 

[0073] FIG. 11 shows one example design of the two- 

dimensional f-theta lens for the scan lens 360. In this 
25 example, the scan lens has three lens elements: lens 1, lens 2 
and lens 3. TABLE 1 shows the prescription of parameters of 
the three lens elements of the two dimensional scan lens in 
FIG. 11. 
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TABLE 1 



Surf. 
No. 


Description 


Radius of 
Curvature 
[mm] 


Thickness 
[mm] 


Index of 
Refraction 


Clear 
Aperture 
[mm] 


1 


Entrance 
Pupil 


n/a 


51. 000 




10.0 


2 


Lens 1 
Surface 1 


-129. 17 


9.000 


1.58558 


<2 . 1 


3 


Lens 1 
Surface 2 


oo 


9. 120 




102 . 6 


4 


Lens 2 
Surface 1 


-1543. 30 


15. 000 


1.49858 


122.2 


5 


Lens 2 
Surface 2 


-182 . 00 


1.500 




-1_ 4^ ■ 


6 


Lens 3 
Surface 1 


-1867. 12 


19.000 


1 . 52981 


145 . 6 


7 


Lens 3 
Surface 2 


oo 


181. 500 




167 . 0 


8 


Focal plane 


n/a 


1299.500 







[0074] In the afocal relay 1001 in FIG. 10, the first lens 

1010 (LI), the converging lens, is a single lens with a large 
5 aperture to accommodate for the large bundle of beams from the 
laser array. Such a large converging lens 1010 can be 
expensive and thus can increase the cost of the system. FIG. 
12 shows an alternative implementation where the single first 
lens 1010 is replaced by an array of individual small 

10 converging lenses 1210 which are tilted in different 

directions to receive different input laser beams from the 
lasers such that the refracted beams output by the small 
lenses 1210 follow the paths of the refracted beams produced 
by the single lens 1010. Each laser includes a laser diode 

15 1101 and a laser collimator lens 1202. Hence, the design of 
the afocal relay 1001, e.g., the magnification factor of the 
afcoal relay 1001, can vary with the design parameters of the 
laser collimator lenses 1202 . Because each small converging 
lens 1110 only receives and focuses a single beam, the 
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aperture of the small converging lens 1110 can be much smaller 
than the single lens 1010. In addition, the small converging 
lens 1010 can be aligned to use its center to receive a 
respective input laser beam, the lens distortions caused by 
5 different beam incident angles and at different incident 

locations away from the lens center on the small converging 
lens 1210 are less problematic than using the single lens 1010 
to receive different beams. Therefore, an relatively 
inexpensive lens with a small aperture can be sufficient for 

10 the lens 1210. 

[0075] TABLE 2 provides a specific design example for the 
afocal relay 1001 in FIG. 12. In this example, the afocal 
1001 is a 1:2 afocal system. Each of the lenses 1210 is a 
single lens with two surfaces (first and second surfaces), the 

15 lens 1020 has two lenses with four lens surfaces (first, 

second, third and fourth surfaces) , and the lens 1030 is a 
single lens with two lens surfaces (first and second 
surfaces) . 



~ 3 0 ~ 



WO 2007/050662 



PCT/US2006/041584 



TABLE 2 



Surf . 
No. 


Description 


Radius of 
Curvature 
[mm] 


Thickness 
[mm] 


Index of 
Refraction 


Clear 
Aperture 
[mm] 


1 


Lens 1110 

(LI) 
Surface 1 


52. 972 


2.000 




6.0 


2 


Lens 1110 

(LI) 
Surface 2 


00 


94 . 495 


1. 52972 


6.0 


3 


Lens 1020 

(L2) 
Surface 1 


-16.306 


4 . 545 


1. 71793 


2. 6 


4 


Lens 1020 

(L2) 
Surface 2 


-2.000 


2 . 198 




2 . 6 


5 


Lens 1020 

(L2) 
Surface 3 


4. 666 


6.000 


1. 71793 


3.4 


6 


Lens 1020 

(L2) 
Surface 4 


-95.497 


181 . 500 




3.4 


7 


Lens 1030 

(L3) 
Surface 1 


00 


3.000 


1. 46958 


15. 0 


8 


Lens 1030 

(L3) 
Surface 2 


-88.477 


200. 000 




15. 0 




Exit Pupil 


n/a 


n/a 




10. 0 



[0076] In other implementations, the collimating function 

of each laser collimator lens 1201 for each input laser beam 
5 and the converging function of the respective small converging 
lens 1101 can be combined into a single lens unit to eliminate 
the need for two separate lenses 1201 and 1210 for each input 
beam from each laser. For example, a single lens unit can be 
placed in front of each laser diode 1201 to replace the laser 
10 collimator lens 1210 and the respective lens 1210 in FIG. 12. 
This single lens unit can be identical for laser diodes 1201 
when such laser diodes 1201 are placed at the same distance 
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from the field lens 1020 (L2) . Two single lens units for two 
laser diodes 1201 can be different when the two laser diodes 
1201 are located at different distances from the field lens 
1020 (L2) in order for the lenses 1020 (L2) and 1030 (L3) to 
place the exit pupils of the different beams at a common 
plane, i.e., the galvo mirror 340. 

[0077] In the lens array design with multiple tilted small 
lenses 1210 in FIG. 12, each small lens 1210 may be engaged to 
a lens actuator to be adjusted axially to do focus correction 
and laterally to tilt each laser beam incident to the field 
lens 1020 (L2) . In an implementation where the laser 
collimator lens 1202 and the lens 1210 are combined into a 
single lens unit in front of each laser diode 1201, a lens 
actuator may also be used to adjust the single lens unit 
axially to control the beam focus and laterally to control the 
beam tilt. 



-32- 



WO 2007/050662 



PCT/US2006/041584 



TABLE 3 



Surf. 
No. 


Description 


Radius of 
Curvature 
[mm] 


Thickness 
[mm] 


Index of 
Refraction 


Clear 
Aperture 
Diameter 
[mm] 


Conic 
Constant 


1 


Entrance 
Pupil 


n/a 


35.00 




10 




2 


Lens 1041 

(L4) 
Surface 1 


-23. 045 


3. 000 


1 • 52 972 


32 




3 


Lens 1041 

(L4) 
Surface 2 


-97 .509 


13.157 




39 




4 


Lens 1041 

(L4) 
Surface 3 


-126. 950 


12.000 


1.75165 


55 




5 


Lens 1041 

(L4) 
Surface 4 


-37 .713 


1. 000 




57 


-.2398 


6 


Lens 1041 

(L4) 
Surface 5 


122.452 


10. 000 


1.75165 


66 




7 


Lens 1041 

(L4) 
Surface 6 


-1079.800 


199.362 




66 




8 


Lens 1042 

(L5) 
Surface 1 


1079. 800 


10. 000 


1.75165 


66 




9 


Lens 1042 

(L5) 
Surface 2 


-122.452 


1.000 




66 




10 


Lens 1042 

(L5) 
Surface 3 


37.713 


12. 000 


1.75165 


57 


-.2398 


11 


Lens 1042 

(L5) 
Surface 4 


126. 950 


13.157 




55 




12 


Lens 1042 

\ XjD ) 

Surface 5 


97.509 


3.000 


1.52972 


39 




13 


Lens 1042 

(L5) 
Surface 5 


23.045 


35.000 




33 




14 


Exit Pupil 


n/a 






10 
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[0078] FIG. 13 further shows one specific example design 

for the 1:1 afocal relay 1002 shown in FIG. 10. In this 
example, the lens 1041 (L4) has three lenses with six lens 
surfaces and the lens 1042 (L5) also has three lenses with six 
lens surfaces. TABLE 3 lists exemplary lens' parameters for 
the design. 

[0079] Referring to FIGS. 3, 5A, 5B and 10, the scan lens 
3 60, which may include more than one lens, can inherently have 
optical distortions that change with the incident angle and 
incident position of a scanning beam at the entrance of the 
scan lens 360. The scanning light is scanned along the 
horizontal direction by, e.g., a horizontal scanner such as a 
polygon scanner and along the vertical direction by, e.g., a 
vertical scanner such as a galvo mirror. The optical 
distortions in the scan lens 360 can cause beam positions on 
the screen 101 to trace a curved line rather than a straight 
horizontal scanned line. This is often referred to as a 
horizontal bow distortion. Similarly, the optical distortions 
in the scan lens 360 can cause beam positions on the screen 
101, which ideally form a straight vertical line, to form a 
curved vertical line instead. This part of the optical 
distortions of the imaging lens assembly is also known as the 
vertical bow distortion. 

[0080] Notably, the scan lens 360, even when implemented as 
a two-dimensional f-theta lens, can produce a distorted image 
due to the compound angle that is produced by the two mirror 
scanning in two orthogonal axes by the galvo mirror 34 0 and 
the polygon scanner 350. The distortions caused by the scan 
lens 360 are present along both the horizontal and vertical 
directions. Such distortions degrade the displayed image and 
thus are undesirable. 
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[0081] FIG. 14 illustrates an example of the vertical and 
horizontal bow distortions by a two-dimensional f-theta scan 
lens located in the optical path between the scanning optical 
module (e.g., the polygon 350 and galvo mirror 340 ) and the 

4 

screen 101. As illustrated, the bow distortion in each 
direction increases from the center of the screen towards the 
edge of the screen as the incident angle of the light to the 
scan lens increases. 

[0082] One approach to the bow distortion problem is to 
design the scan lens in a way that reduces the distortions 
within an acceptable range. This optical approach may require 
complex lens assembly configurations with multiple lens 
elements. The complex multiple lens elements can cause the 
final lens assembly to depart from desired f-theta conditions 
and thus can compromise the optical scanning performance. The 
number of lens elements in the assembly usually increases as 
the tolerance for the distortions decreases. Hence, a lens 
assembly with an Acceptable bow distortion in both directions 
may include multiple lens elements with complex geometrical 
shapes. Because the bow distortions are in both directions, 
the lens elements must be shaped properly in both directions. 
Due to presence of multiple lenses and complex shape of each 
lens, such a scan lens with complex multiple lens elements 
can be expensive to fabricate. 

[0083] FIG. 15 shows an example map of measured image pixel 

positions on a fluorescent screen. The effects of the 
vertical and horizontal bow distortions caused by a scan lens 
assembly can be measured. The vertical and horizontal bow 
distortions of a given scan lens assembly is essentially fixed 
and can be measured. 

[0084] In recognition of limitations in using a complex 

multi-lens design for the scan lens to reduce the bow 
distortions, a digital or electronic distortion correction 
technique is described below. According to this technique, 
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the image signals modulated onto a scanning beam are digitally 
or electronically distorted based on measured bow distortions 
of the scan lens to negate the bow distortions of the scan 
lens when the image is displayed on the screen. 
5 [0085] The digital correction of the vertical bow 

distortion of the scan lens can be achieved by controlling the 
timing of laser pulses in the scanning beam during each 
horizontal scan. This is because a horizontal location of a 
laser pulse on the screen 101 can be controlled by the timing 

10 of the laser pulse during each horizontal scan. A time delay 
in timing of a pulse can cause the corresponding position of 
the laser pulse on the screen to spatially shift downstream 
along the horizontal scan direction. Conversely, an advance 
in timing of a pulse can cause the corresponding position of 

15 the laser pulse on the screen to spatially shift upstream 

along the horizontal scan direction. A position of a laser 
pulse on the screen in the horizontal direction can be 
controlled electronically or digitally by controlling timing 
of optical pulses in the scanning beam. Notably, the vertical 

20 bow distortion can be treated as a shift in position of a 

pixel in the horizontal direction. Therefore, the timing of 
the pulses in the scanning beam can be controlled to direct 
each optical pulse to a location that reduces or offsets the 
horizontal displacement of the beam caused by the vertical bow 

25 distortion of the scan lens. 

[0086] The horizontal bow distortion can be corrected with 

a different digital control. As illustrated by the example in 
FIG. 15, for a given scanning system, the image distortion map 
on the screen can be measured. The data for this measured 

30 image distortion map can be stored in a memory of the digital 
processor or scan engine of the signal modulation controller 
in the laser module 110. The digital processing can be 
programmed to use this measured image distortion map to 
compute the image warping. Incoming image data generated for 
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an ideal and distortion-free scan lens is remapped based on 
the computed image warping into predistorted image data at 
different pixel locations from the original pixel locations so 1 
that, when the remapped image data is read out for display, 
the pixel brightness appears at the correct location on the 
screen. This remapping of image data on a pixel-by-pixel 
basis can be achieved by various image warping techniques r for 
example, by using a linear brightness interpolation between 
lines to produce minimal visual noise on the screen. Pixel 
remapping can be effective in correcting the horizontal bow 
distortion. 

[0087] The above digital correction method essentially 
creates new image data for a distorted image on the screen 
that negates the optical distortions in the scanning system, 
including the distortions caused by the scan lens 360. The 
laser beams are then modulated with the modified image data to 
display images on the screen. Due to the built-in distortions 
in the modified image data, the optical distortions in the 
final image on the screen are eliminated or minimized. 
[0088] The scanning beam display systems based on FIGS. 3, 
5A, 5B and 10 can be implemented using folded optical paths 
for directing scanning beams from the laser module 110 to the 
fluorescent screen 101 to reduce the physical spacing between 
the laser module 110 and the screen 101. FIGS. 16A and 16B 
show two folded optical designs that direct the output 
scanning laser beams from the laser module 110 to the 
fluorescent screen 101 in rear projection configurations. At 
least two reflectors 1610 and 1620 are used to direct the 
scanning beams along a folded optical path onto the screen 
101. The reflectors 1610 and 1620 can be in various 
geometries and configurations. Such folded designs reduce the 
physical dimension of the scanning display systems. In one 
implementation, at least one of the reflectors 1610 and 1620 
may have a curved surface to have a predetermined amount of 
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optical power- For example, the optical power of the 
reflectors 1610 and 1620 can be selected in connection with 
the optical power of the scan lens 360 to reduce the optical 
path length from the scan lens 360 to the screen 101. 
5 [0089] The scanning beam display systems described in this 
application can use a telecentric type lens, such as a Fresnel 
lens, in front of the screen 101, to redirect the incident 
scanning excitation beam 120 to be at a normal to the screen 
101. This feature can be used to enhance the brightness of 

10 the screen . 

[0090] In FIG. 3, the beam scanning is achieved by using 
the galvo mirror 340 for vertical scanning to direct an 
excitation beam to the polygon scanner 350 which in turn 
directs the excitation beam onto the screen 101. 

15 Alternatively, the polygon scanner 350 can be used to scan the 
excitation beam onto the galvo mirror 350 which further 
directs the beam to the screen 101. FIGS. 17A and 17B show 
two examples of such scanning beam display systems in which 
the order of the polygon scanner 350 and the galvo mirror 340 

20 is reversed from the order in FIG. 3. The display in FIG, 17B 
uses N acousto optic modulators 1710 to respectively modulate 
N CW excitation laser beams 312 from the laser array 310 to 
produce modulated laser beams 332 which carry image data. 
Other optical modulators may also be used to replace the 

25 acousto optic modulators 1710. 

[0091] In the above examples, the scanning of the laser 

excitation beam is achieved by using a glavo mirror for 
scanning in one direction (e.g., the vertical direction) and a 
rotating polygon mirror in another direction (e.g., the 

30 horizontal direction) . As an alternative to this combination 
of a galvo mirror and polygon mirror for beam scanning, a 
holographic beam scanner may be used to scan the laser beam in 
at least one of the two scanning directions for the display. 
For example, a holographic beam scanner may be used to scan 
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the UV laser excitation beam that is scanned on the phosphor 
screen 101 which absorbs the UV laser light to produce desired 
colors and images. A suitable holographic scanner for this 
application may be in various configurations. In one design, 
for example, the holographic scanner may include a holographic 
disk that is recorded with hologram patterns and is rotated to 
deflect an incident beam for scanning. Examples of a scanner 
using a holographic disk as an alternative to a polygon 
scanner are described in various literature, including an 
article entitled "Developments in holographic-based scanner 
designs" by David M. Rowe, Proc. SPIE Vol. 3131, p. 52-58, 
Optical Scanning Systems: Design and Applications, Leo Beiser; 
Stephen F. Sagan; Eds. (1997). This article is incorporated 
by reference as part of specification of this application. 
U.S. Patent Nos. 4,923,262 entitled "Scanner system having 
rotating deflector hologram" to Clay and 5,182,659 entitled 
"Holographic recording and scanning system and method" to Clay 
and Rowe describe specific examples of holographic scanners 
using holographic disks and are incorporated by reference as 
part of specification of this application. 
[0092] One aspect of scanning beam display systems 

described in this application is to use one or more scanning 
excitation beams at a given excitation wavelength, e.g., in a 
violet or UV spectral range. The excitation light is the only 
light present in the optical train of such display systems 
that leading to the fluorescent screen 101. Visible colors 
are generated only on the fluorescent screen 101 which 
converts part of the excitation light into visible colors. 
Hence, prior to the fluorescent the screen 101, the optical 
train of such display systems is optically monochromatic. A 
holographic element is known to be dispersive and can 
generally operate at a single wavelength. Therefore, 
different from other full color display systems where light 
beams of different colors are scanned, scanning beam display 
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systems described in this application only scan a single or 
multiple excitation beams at a single excitation wavelength 
onto the fluorescent screen 101. For at least this reason, a 
holographic scanner, while not suitable in other full color 
display systems, can be adequately used to scan one or more 
excitation beams. 

[0093] Holographic scanners can be used to achieve various 
advantages in scanning applications. For example, the 
sensitivity to motor shaft wobble can be significantly 
reduced, e.g., by a factor of more than 1000 when a 
holographic deflector operates in the Bragg regime where the 
nominal input and diffracted angles are equal. This feature 
can simply the optical design of the scanner. In comparison 
to a polygon scanner, a holographic disk scanner can have a 
reduced scanner windage due to the aerodynamic nature of the 
scan disc and thus can be operated at higher scan rates than a 
polygon scanner. A holographic disk scanner can be optically 
transmissive and thus exhibit reduced sensitivity to motor 
scan jitter in comparison to a polygon scanner which reflects 
light at its reflective facets. This feature allows the use 
of a relatively inexpensive ball-bearing motor in place of a 
relatively expensive and bulky air-bearing motor that is 
commonly used in polygon scanners. These and other benefits 
make holographic scanners advantageous over polygon scanners 
in some applications. One commonly known limitation of 
holographic scanners caused by the dispersive nature is that 
their use is usually limited to a single wavelength in 
monochromatic laser-based devices. This limitation, however, 
is not an issue in the present scanning beam display systems 
because the excitation light is monochromatic at a selected 
wavelength. 

[0094] FIGS. 18A and 18B illustrate an exemplary 

holographic disk scanner 10 described in U.S. Patent No. 
4,923,262. This scanner is designed to produce a linear 
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scanning line 30 on a screen 20 when the holographic disk 
scanner 10 spins in the direction 11 around its axis under a 
proper incident condition for the input beam 16. In order for 
the hologram to be configured so as to produce high efficiency 
5 for both the p and s plane polarizations , an incident angle of 
approximately twenty-three degrees is used. See, for example, 
FIG. 32 at page 2717 of the Oct., 1977 issue (Volume 16, No. 
10) of Applied Optics, which shows that at an angle of 23 
degress within a 2 degree range, the p and s curves are 

10 substantially equal and close to their maximum efficiency. 
However, a linear grating with a grating constant optimized 
for an incidence angle of twenty-three degrees produces a 
severely bowed scan line and is, therefore, unsuitable for 
most scanning applications. Thus, the hologram, which is not 

15 a linear grating, can use an angle of approximately twenty- 
three degrees angular incidence so as to correct for line-bow 
by employing a fringe field shaped according to system 
requirements. For example, line-bow correction can be 
accomplished by recording a hologram disk segment which has a 

20 fringe shape and spatial distribution giving it the property 
of a lens. If a number of such segments are recorded on the 
disk, the incident beam would be focused and the focused spot 
from each segment due to the rotation of the disk would 
produce a spot locus which is a circular segment in the focal 

25 plane. The scan locus in the focal plane would pass through 
the segment axis. 

[0095] In the design in FIG. 18A, the center of the 

holographically recorded disk 10 is displaced from the optical 
axis with the radius 2 6 unchanged, then the curvature of the 
30 line segment can be made to change provided the 

holographically recorded lens behaves as one which has barrel 
distortion. The geometrical relationship of the hologram 34 
to the disk 10 is shown in FIG. 18A. The center 38 of hologram 
34 having a fringe pattern of circular lines 36 is oriented so 
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that the hologram axis 32 is directed in a straight path to 
scan locus 40. The configuration of the holographic recording 
on disk 10 is shown in detail in FIG. 18B where multiple 
holographic segments 34 are recorded on disk 10. By way of 
5 example, the periphery of disk 10 includes eight holograms 34 
(only three of which are shown in detail) in the eight 
segments 60 with lines 36 whose spacing increases with 
increasing radius from point 38 shown in FIG. 2. More or 
fewer segments 60 may be formed depending on the need of a 

10 specific application. 

[0096] If the disk 10 is designed to have barrel 

distortion, the curvature produced by the disk 10 subtracts 
from the curvature produced by rotating the disk. If the 
holographically recorded lens is designed to produce a 

15 curvature equal to that caused by rotating the disk, then the 
line will be substantially straight. The extent of curvature 
of a line varies directly as the ray height for a lens of 
given barrel distortion. Therefore, the lens offset is 
adjusted to obtain the required line curvature for 

20 neutralizing the curvature due to disc rotation. 

[0097] The hologram lens formed in the holographic disk 10 

has two significant properties, first, it corrects the line 
curvature; and second, it focuses the incident beam to a point 
on the focal plane, and, thus, may be used to eliminate the 

25 need for a separate focusing lens. The second property of the 
hologram lens segment, however, has limited practical 
usefulness, since aberrations necessarily result from such an 
arrangement. In some cases, the hologram lens segment can 
replace the scan lens, particularly those cases in which 

30 diffraction limited resolution is not required, and in which a 
small scan angle is satisfactory. For high resolution and/or 
wide angle applications, the scanner disk 10 can be designed 
to exploit the second property by distributing the focusing 
power between the hologram and an auxiliary scan lens. 
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[0098] FIG- 19 illustrates a scanner system utilizing the 
holographic disk 10 shown in FIGS . 18A and 18B. A collimated 
beam 70, such as an excitation laser beam for exciting the 
fluorescent screen 101, is shown impinging on disk 10 at the 
outer periphery thereof which comprises hologram 34 recorded 
on segments 60. The beam 70 is shown to impinge on segments 60 
at an angle p which is at a value such that the amplitudes of 
the p and s plane polarizations are substantially equal. By 
using such angle, immunity from polarization dependence is 
improved. The beam 70 is refracted via a scan lens 72 onto a 
focal plane 20. Without the scan lens 72, the focal point 
would be on at a different place 74. 

[0099] FIGS. 20, 21 and 22 illustrate three examples of 

holographic scanners based on the design in FIG. 19. The 
scanner in FIG. 20 includes the holographic disk scanner 10 
and a multi-element f-theta scan lens 360 to project the 
scanning beam onto the screen 101 at the focal plane of the f- 
theta lens 360. This system can be used in the scanning beam 
display system shown in FIG. 3 where the polygon scanner 350 
is replaced by the holographic disk scanner 10. Hence, the 
beam from the galvo mirror 340 is directed and scanned by the 
holographic disk scanner through the f-theta lens 360 onto the 
screen 101. 

[00100] The multi-element f-theta lens 360 can be expensive. 
Designs in FIGS. 21 and 22 are intended to eliminate the f- 
theta scan lens 360 by using a less expansive curved reflector 
to supply the optical focusing power of the replaced f-theta 
scan lens 360. The curved mirror in FIGS. 21 and 22 can be 
configured to serve one or more functions including line bow 
correction, field flattening, and linearity correction. The 
curved mirror can also make the scan optically telecentric. 
The curved reflective surface can be aspheric or cylindrical 
in some implementations. Notably, the curved mirror has only 
a single optical reflective surface instead of four or more 
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surfaces in many multi-element f-theta lens designs and thus 
provides a opportunity to reduce cost. The curved mirror can 
be made by various processes. For example, a gas- 
assist/compression injection molding process can be used to 
form a stiff, light-weight structure by evacuating a core 
plastic material, solidifying the structure in the mold and 
using compression to form the mirror surface into the plastic. 
In another example, both injection molding and cold-forming 
can be used to form the curved mirror where the curved blank 
substrate is formed by injection molding and the mirror 
surface is then formed on the substrate using the cold-form 
replication process. The optical surface of the curved mirror 
can be formed by diamond turning an aluminum substrate or 
other substrate materials. To further improve the quality of 
the optically reflective surface, a replication process can be 
used to apply a high quality optical surface onto the diamond 
turned mirror blank using a conventionally polished optical 
mold. This replication technique can be used to remove 
undesired diamond turning marks which diffract light creating 
optical noise at the focal plane. 

[00101] The holographic scanner design in FIG. 22 includes a 
mechanism to passively correct degradation of the beam 
position and loss of spatial resolution on the screen 101 due 
to shift in optical wavelength of the scanning beam due to, 
e.g., a drift in wavelength of the light source. This passive 
correction is accomplished by eliminating the f-theta lens 
assembly and replacing it with a prescan holographic optical 
element (HOE) positioned before the holographic scan disc 

(deflector) 10, a curved mirror after the scan disc, and a 
postscan HOE between the curved mirror and the focal plane or 
the screen 101. To compensate for loss of optical power of 
the removed f-theta lens, the optical power previously 
provided by the f-theta lens can be designed into the prescan 
HOE, the postscan HOE and the curved mirror. U.S. 5,182,659 
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provides additional details on the passive correction 
mechanism in FIG- 22. 

[00102] These and other holographic scanners can be used to 
provide scanning in scanning beam displays described in this 
application. Holographic scanners can be used in scanning 
beam displays in various configurations. In one 
implementation, a holographic beam scanner may be used to 
replace a polygon beam scanner in some examples described in 
this application to provide the "horizontal" scanning on the 
screen while a galvo mirror or another beam scanning device is 
used to provide the "vertical" scanning on the screen. In 
another implementation, two separate holographic scanners are 
used to provide the horizontal beam scanning and vertical beam 
scanning, respectively. In yet another implementation, a 
single holographic scanner may be used to provide the 2- 
dimensional scanning in the horizontal and vertical directions 
by having a single rotating holographic disk recorded with 
first hologram patterns for scanning the beam in the 
horizontal direction and second hologram patterns for scanning 
the beam in the vertical direction 

[00103] While the specification of this application contains 
many specifics, these should not be construed as limitations 
on the scope of any invention or of what may be claimed, but 
rather as descriptions of features specific to particular 
embodiments. Certain features that are described in this 
specification in the context of separate embodiments can also 
be implemented in combination in a single embodiment. 
Conversely, various features that are described in the context 
of a single embodiment can also be implemented in multiple 
embodiments separately or in any suitable subcombination. 
Moreover, although features may be described above as acting 
in certain combinations and even initially claimed as such, 
one or more features from a claimed combination can in some 
cases be excised from the combination, and the claimed 
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combination may be directed to a subcombination or variation 
of a subcombination. 

[00104] Only a few implementations are disclosed. However, it 
is understood that variations and enhancements may be made. 
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1. A display system, comprising: 

a plurality of lasers forming a laser array to produce a 
plurality of laser beams, respectively; 

a scanning module placed in an optical path of the laser 
beams to scan the laser beams in two orthogonal directions; 
a-nd 

an afocal optical relay module placed between the lasers 
and the scanning module having a plurality of lenses to reduce 
a spacing between two adjacent laser beams of the laser beam 
and to overlap the laser beams at the scanning module. 

2. The system as in claim 1, wherein the afocal optical 
relay module comprises: 

a first lens having a first focal length to receive and 
focus the laser beams from the lasers; 

a second lens having a second focal length shorter than 
the first focal length and spaced from the first lens by the 
first focal length to focus the laser beams from the first 
lens; and 

a third lens having a third focal length longer than the 
second focal length and spaced from the second lens by the 
third focal length to focus and direct the laser beams from 
the second lens to the scanning module. 
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3. The system as in claim 2, wherein the scanning module 
comprises : 

a galvo mirror positioned to receive the laser beams from 
the third lens and scan the received laser beams along the 
first scanning direction, and 

a polygon scanner positioned to receive the laser beams 
from the galvo mirror and operable to scan the received laser 
beams along a second scanning direction orthogonal to the 
first scanning direction; and 

wherein the system further comprises an optical imaging 
lens module placed between the galvo mirror and the polygon 
scanner to image the galvo mirror onto the polygon scanner. 

4. The system as in claim 3, wherein the optical imaging 
lens module comprises a first lens unit and a second lens unit 
to produce a unity image magnification. 

5. The system as in claim 1, wherein the afocal optical 
relay module comprises: 

a plurality of first lenses having first focal lengths 
and respectively placed in optical paths of the laser beams, 
each first lens receiving only a respective laser beam without 
receiving another laser beam among the laser beams and focus 
the respective laser beam; 

a second lens having a second focal length shorter than 
the first focal lengths and spaced from the first lenses by 
the first focal lengths to focus the laser beams from the 
first lenses; and 

a third lens having a third focal length longer than the 
second focal length and spaced from the second lens by the 
third focal length to focus and direct the laser beams from 
the second lens to the scanning module. 
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6. The system as in claim 5, wherein the scanning module 
comprises : 

a galvo mirror positioned to receive the laser beams from 
the third lens and scan the received laser beams along the 
first scanning direction, 

a polygon scanner positioned to receive the laser beams 
from the galvo mirror and operable to scan the received laser 
beams along a second scanning direction orthogonal to the 
first scanning direction; and 

wherein the system further comprises an imaging optical 
device placed between the galvo mirror and the polygon scanner 
to image the galvo mirror onto the polygon scanner. 

7. The system as in claim 5, further comprising a 
plurality of lens actuators that are engaged to the first 
lenses, respectively, each lens actuator operable to adjust a 
respective first lens. 

8. The system as in claim 1., further comprising: 
a screen; and 

a scan lens positioned to receive the laser beams from 
the scanning module and to project the laser beams onto the 
screen by imaging the lasers onto the screen. 

9. The system as in claim 8, wherein the scan lens is a 
two-dimensional f-theta lens . 

10. The system as in claim 8, further comprising a 
Fresnel lens placed in front of the screen to direct light 
from the scan lens into the screen at a normal incidence. 
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11. The system as in claim 8, wherein the screen 
comprises fluorescent materials that emit visible light to 
form images with the emitted light when illuminated by the 
laser beams. 

12. The system as in claim 8, further comprising: 

a signal modulation controller in communication with the 
lasers to supply image data to control the lasers which 
modulate the laser beams, respectively , to carry an image to 
be displayed on the screen, 

wherein the signal modulation controller has image data 
that contains image distortions which negate optical 
distortions of the scan lens when displayed on the screen. 

13. The system as in claim 8, further comprising: 
first and second optical reflectors that reflect the 

laser beams, wherein the first optical reflector is positioned 
to reflect scanning laser beams from the scan lens to the 
second optical reflector which is positioned to reflect the 
scanning laser beams from the first optical reflector to the 
screen, 

wherein the first and second optical reflectors are 
positioned to fold an optical path from the scan lens to the 
screen to reduce a distance between the scan lens and the 
screen . 

14. The system as in claim 1, further comprising a 
plurality of laser actuators, each engaged to a respective 
laser and operable to adjust a direction of a respective laser 
beam produced by the laser. 
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15. The system as in claim 14, wherein each laser 
actuator rotates the direction of the respective layer beam 
produced by the laser around a pivot point on the scanning 
module . 



16. The system as in claim 1, further comprising: 

a laser array mounting rack to hold the lasers in a three 

dimensional array . 

* 

17. The system as in claim 1, further comprising: 

a laser array mounting rack to hold the lasers in a 
plurality of sub laser arrays, where different sub laser 
arrays are spatially shifted from one another to have 
different distances to the scanning module. 

18. The system as in claim 16, wherein lasers in each 
sub laser array are oriented to direct respective laser beams 
in a fan configuration converging towards the scanning module. 

19. A display system, comprising: 

a plurality of lasers forming a laser array to produce a 
plurality of laser beams, respectively; 

a scanning module placed in an optical path of the laser 
beams to scan the laser beams in two orthogonal directions; 

a screen comprising fluorescent materials that emit 
visible light to form images with the emitted light when 
illuminated by the laser beams; 

a scan lens positioned to receive the laser beams from 
the scanning module and to project the laser beams onto the 
screen; and 

first and second optical reflectors that reflect the 
laser beams, wherein the first optical reflector is positioned 
to reflect scanning laser beams from the scan lens to the 
second optical reflector which is positioned to reflect the 
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scanning laser beams from the first optical reflector to the 
screen, 

wherein the first and second optical reflectors are 
positioned to fold an optical path from the scan lens to the 
screen to reduce a distance between the scan lens and the 
screen . 

20. The system as in claim 19, further comprising: 

an afocal optical relay module placed between the lasers 
and the scanning module having a plurality of lenses to reduce 
a spacing between two adjacent laser beams of the laser beam 
and to overlap the laser beams at the scanning module. 

21. The system as in claim 20, wherein the afocal optical 
relay module comprises: 

a first lens having a first focal length to receive and 
focus all of the laser beams from the lasers; 

a second lens having a second focal length shorter than 
the first focal length and spaced from the first lens by the 
first focal length to focus the laser beams from the first 
lens; and 

a third lens having a third focal length longer than the 
second focal length and spaced from the second lens by the 
third focal length to focus and direct the laser beams from 
the second lens to the scanning module. 

22. The system as in claim 21, wherein the scanning 
module comprises: 

a galvo mirror positioned to receive the laser beams from 
the third lens and scan the received laser beams along the 
first scanning direction, and 

a, polygon scanner positioned to receive the laser beams 
from the galvo mirror and operable to scan the received laser 
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beams along a second scanning direction orthogonal to the 
first scanning direction; and 

wherein the system further comprises an imaging optical 
device placed between the galvo mirror and the polygon scanner 
to image the galvo mirror onto the polygon scanner. 

23. The system as in claim 20, wherein the afocal optical 
relay module comprises: 

a plurality of first lenses having first focal lengths 
and respectively placed in optical paths of the laser beams, 
each first lens receiving only a respective laser beam without 
receiving another laser beam among the laser beams and focus 
the respective laser beam; 

a second lens having a second focal length shorter than 
the first focal lengths and spaced from the first lenses by 
the first focal lengths to focus the laser beams from the 
first lenses; and 

a third lens having a third focal length longer than the 
second focal length and spaced from the second lens by the 
third focal length to focus and direct the laser beams from 
the second lens to the scanning module. 

24. The system as in claim 23, wherein the scanning 
module comprises : 

a galvo mirror positioned to receive the laser beams from 
the third lens and scan the received laser beams along the 
first scanning direction, 

a polygon scanner positioned to receive the laser beams 
from the galvo mirror and operable to scan the received laser 
beams along a second scanning direction orthogonal to the 
first scanning direction; and 

wherein the system further comprising an imaging optical 
device placed between the galvo mirror and the polygon scanner 
to image the galvo mirror onto the polygon scanner. 
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25. The system as in claim 19, wherein the scan lens is a 
two-dimensional f-theta lens. 

5 26. The system as in claim 19, further comprising: 

a laser array mounting rack to hold the lasers in a three 
dimensional array. 

27. The system as in claim 19, further comprising: 
10 a laser array mounting rack to hold the lasers in a 

plurality of sub laser arrays, where different sub laser 
arrays are spatially shifted from one another to have 
different distances to the scanning module. 

15 28. The system as in claim 27, wherein lasers in each 

sub laser array are oriented to direct respective laser beams 
in a fan configuration converging towards the scanning module. 

29, A method for scanning light onto a screen to display 
20 an image, comprising: 

modulating light to include optical pulses that carry 
images to be displayed; 

scanning the light in two orthogonal scanning directions; 

and 

25 using a scan lens to project the scanned light on a 

screen to show the images, 

wherein the, light is modulated to carry distorted 
versions of the images to include image distortions that 
negate distortions caused by the scan lens when displayed on 

30 the screen. 
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30. The method as in claim 2 9, further comprising: 
controlling timing of the optical pulses in the first 

scanning direction to negate a portion of distortions caused 
by the scan lens when displayed on the screen. 

31. The method as in claim 29, further comprising: 
introducing distortions into image data to be displayed 

on the screen based on an image distortion map on the screen 
caused by the scan lens to produce distorted image data; and 

modulating the light to carry the distorted image data 
which includes the image distortions that negate distortions 
caused by the scan lens when displayed on the screen. 

32. The method as in claim 29, wherein the screen is a 
fluorescent screen that emits visible light to display images 
when illuminated by the scanned light. 

33. A display system, comprising: 

a light source to produce at least one excitation beam 
modulated to carry images; 

a scanning module to scan the excitation beam in two 
orthogonal directions ; 

a fluorescent screen to receive the scanning excitation 
beam, the fluorescent screen emitting visible light to form 
the images with the emitted visible light when illuminated by 
the scanning excitation beam; and 

a two-dimensional f-theta scan lens positioned to receive 
the scanning excitation beam from the scanning module and to 
project the scanning excitation beam onto the screen. 
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34. The system as in claim 33, further comprising: 

a signal modulation controller in communication with the 
light source to supply image data for the images to control 
the light source which modulates the excitation beam, wherein 
the signal modulation controller provides image data with 
image distortions which negate optical distortions of the two- 
dimensional f-theta scan lens when displayed on the screen. 

35. A display system, comprising: 

a screen comprising a plurality of parallel fluorescent 
stripes each absorbing light at an excitation wavelength to 
emit light of a visible color; and 

a laser module to project and scan a laser beam at the 
excitation wavelength onto the screen to convert an image 
carried by the laser beam via an optical modulation into a 
color image produced by the fluorescent stripes on the screen, 
wherein the laser module comprises a holographic beam scanner 
to scan the laser beam in at least one direction. 

36. The display system as in claim 35, wherein the 
fluorescent screen comprises a plurality of parallel phosphor 
stripes, wherein at least three adjacent phosphor strips are 
made of three different phosphors: a first phosphor to absorb 
light at the excitation wavelength to emit light of a first 
color, a second phosphor to absorb light at the excitation 
wavelength to emit light of a second color, and a third 
phosphor to absorb light at the excitation wavelength to emit 
light of a third color. 
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37. The display system as in claim 35, wherein the 
fluorescent stripes in the fluorescent screen comprise: 

a layer of a fluorescent material that absorbs the 
excitation light and emits white light; and 

a filter layer comprising a plurality of parallel filter 
stripes each aligned to a corresponding fluorescent stripe, 
and 

wherein at least three adjacent filter stripes are 
respectively made of a first filter material to transmit first 
visible light of a first color while absorbing light of other 
colors including a second color and a third color, a second 
filter material to transmit second visible light of the second 
color while absorbing light of other colors including the 
first and the third colors, and a third filter material to 
transmit third visible light of the third color while 
absorbing light of the other colors including the first and 
the second colors. 

38. The display system as in claim 35, wherein the 
holographic beam scanner comprises a holographic disk recorded 
with hologram patterns and a mechanism to rotate the 
holographic disk in scanning the laser beam. 

39. The display system as in claim 35, wherein the laser 
module further comprises: 

a separate beam scanning device to scan the laser beam in 
a direction different from the scanning direction by the 
holographic beam scanner. 

40. The display system as in claim 39, wherein the 
separate beam scanning device is a glavo mirror. 



57 



WO 2007/050662 PCT/US2006/041584 

41. The display system as in claim 39, wherein the 
separate beam scanning device is a second holographic beam 
scanner . 



5 42. The display system as in claim 35, wherein the 

holographic beam scanner is to scan the laser beam in two 
different directions . 



~5 8 ~ 



WO 2007/050662 



PCT/US2006/041584 



1 120 



CD 
EE 




WO 2007/050662 



PCT/US2006/041584 



2/20 



FIG. 2A 



Color Phosphor Stripe Layer 

203 





Green Light 
(to Viewer) 



Color Subpixel 
212 



Front Substrate 
202 



210 
Color Pixel 



R 


G 


B 


R 


G 


B 


R 


G 


B 


R 


G 


B 



Rear Substrate 
201 





B A 



220 

Scanning Excitation 
Laser Beam 



Horizontal Scanning Direction 



B 



FIG. 2B 



Scan Direction 



:::::::::::=: 

M 



ijjfjijjjfjjjjjji 

'isllij!!!! 




Footprint 
of 

Scanning 
Laser 
Beam 



Pixel N 




■ 



1 ■ 




N+1 



WO 2007/050662 



PCT/US2006/041584 



3/20 




WO 2007/050662 



PCT/US2006/041584 



4/20 



CD 
O 
CO 
CD 



CD 
CD 

O 
CO 





to 






£ 






CO 




nni 


Be 


o 

CM 


CO 






o 


CD 




CO 


as 











CO 

CD 



GO 

CD -p 
■S 03 



L. CO 

CD O 

5 E 

CO 
CD 



O O 



CD 



CO 
6 




^ O CO CM 

^ 4= — I 00 

CO o 2 

§)0 



J 



WO 2007/050662 



PCT/US2006/041584 



5/20 



leoipeA 



t— oj co • • • Z 




WO 2007/050662 



PCT/US2006/041584 



6/20 



LO 



CD 

CO < 




WO 2007/050662 



PCT/US2006/041584 



7/20 




WO 2007/050662 



PCT/US2006/041584 



8/20 



FIG. 6 



Laser Collimator 
630 



Laser 
520 



Laser Diode 
610 




601 
Laser Holder 



620 

Conductors for supplying a 
laser driving current to the 

laser 



640 

Laser position actuator 



FIG. 7 



Lens 

Position and Rotation 




WO 2007/050662 



PCT/US2006/041584 



9/20 



FIG. 8 



Spherical bearing 




FIG. 9 

Collimating Lens 




WO 2007/050662 



PCT/US2006/041584 



10/20 




WO 2007/050662 



PCT/US2006/041584 



11/20 



FIG. 11 




Surface 



WO 2007/050662 



PCT/US2006/041584 



12/20 




WO 2007/050662 



PCT/US2006/041584 



13/20 




WO 2007/050662 



PCT/US2006/041584 



14/20 



FIG. 14 



■ \ s 




1 



Horizontal 

Bow Distortion 

By ImagingLens Assembly 



\ 



Vertical (short) axis 



Vertical Bow Distortion 
By Imaging Lens Assembly 



\ 



Horizontal (long) axis 



FIG. 15 



a 



o 
CO 

o 



CD 




•800 



•600 



-400 



-200 0 200 

Horizontal Scan [mm] 



800 



WO 2007/050662 



PCT/US2006/041584 



15/20 



Reflector 
1620 




FIG. 16A 



Visible 
Light To 
Viewer 



Laser 
Module 
110 



Folded 
Optical Path 



FIG. 16B 



1620 
Reflector 



Laser 
Module 
110 




Visible 
*** Light To 
Viewer 



1610 
Reflector 



WO 2007/050662 



PCT/US2006/041584 



16/20 




WO 2007/050662 



PCT/US2006/041584 



17/20 



CD 

o 

CD 



CD 




I 03 is 



o 



WO 2007/050662 



PCT/US2006/041584 



18/20 



FAG. 18A 




FIG. 18B 



WO 2007/050662 



PCT/US2006/041584 



19/20 





WO 2007/050662 



PCT/US2006/041584 



20/20 




